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REMARKS 

Claims 15-30 and 60-76 are pending and rejected. Claim 15 is presently amended. 
Favorable reconsideration of the pending claims is respectfully requested in view of the 
following amendment and remarks. 

At the outset, applicant noted that the examiner identified, and PAIR reflects Applicant's 
prior submission as being filed on March 28, 2003. This appears to be in error as Applicant 
timely filed the response to the prior Office Action on May 06, 2002. This erroneous recording 
of Applicant's filing of the response detrimentally affects the calculation for this application 
patent term adjustment (PTA). PTAs were created to compensate applicants for undue delay by 
the Patent Office which would affect the term on the patent such as instantly suffered by 
applicant here. It should be to no detriment to the Applicant that the Patent Office was unable to 
act on the Reply until Applicants had shown by Petition that the reply was timely filed. 
Accordingly, Applicants kindly request that the date of entry of the prior Reply be corrected in 
the record and the PAIR system to reflect the actual date of submission of this paper to the Patent 
Office of May 6, 2002. 

Applicant also wishes to bring to the Examiner's attention that the claims pending in this 
application are a continuation of the prosecution of certain prior claims which went to the Appeal 
Board in the prior application 07/833,973. A copy of the Appeal Board Decision in the parent 
application is kindly provided herewith. The 07/833,973 application contained two separate 
groupings of claims considered not to stand and fall together. Of these groups, one was allowed 
and resulted in Patent 6,174,999. 

Applicant appreciates the withdrawal of the prior double patenting rejection over the U.S. 
patents 5,760,200 and 6,174,999 and now present below further arguments for reconsideration of 
the newly applied double patenting rejections. 
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AmcndmeTit to the Claims: 

Claim 1 5 is amended to state more clearly what applicants regard as their invention. Id 
particular, clarification as to the role of the modifying agent is introduced in the claim with the 
terms "causes the formation of a second activated species" in place of the terms "causes the 
formation of a new active caxbonyl groups." (sic) Applicants also introduce language with regard 
to the formation of "a first activated species" to provide proper context to the term "second." 

Support for this amendment can be found in the specification at least as follows: 

• on page 6, lines 10 to 17, for the "first activated polysaccharide" wherein it is 
described that " A polyanionic polysaccharide is said to be 'activated' . when it is 
treated ... in a manner that renders the carboxyl groups on the polyanionic 
polysaccharide vulnerable to nucleophilic attack; and an 'activating agent 1 is a 
substance that, in an aqueous mixture including a polyanionic polysaccharide, 
causes the polyanionic polysaccharide to become so activated;" and 

• on page 6, lines 18-22, for the "second activated polyanionic polysaccharide" 
wherein it is described that "a modifying compound is defined as a reagent which, 
in the presence of an activated polyanionic polysaccharide, reacts with the 
activated carboxyl moiety of the polyanionic polysaccharide to form a new 
activated species capable of reacting with a nucleophile." 

Applicants thus believe that this amendment does not introduce new matter. 

Double Patenting Rejection 

Claims 15-30 and 60-76 are newly rejected over claims 1-21 of US patent 5,760,200 or 
claims 1-4 of US patent 6,174,999 under the judicially created doctrine of obviousness-type 
double patenting both in view of US patent 4,713,448 to BaJazs. Applicants have amended claim 
15 to more clearly state that which they regard as their invention, as the Examiner has 
misapprehended the relevance of the teaching of Balazs to the scope of the instant claims with 
regard to the role of the modifying compound in the claimed process. 

The presently claimed invention is directed to a process and articles made from this 
process, in which th process requires the modification of a polyanionic polysaccharide 
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(PAPS)(generaUy a water soluble starting material) with a combination of reagents into a water 
insoluble material. In the presently claimed combination of reagents that comprises an activating 
agent, a modifying agent and a nucleophile, the presence of the modifying agent permits the 
process to progress through an additional intermediate stage by allowing the formation of a 
second activated species (generally known in the art as an activated ester, thus the reference 
sometime to its carbonyl component) which is more reactive and selective toward the nuclcophile 
than the first activated species formed between the polyanionic polysaccharide (or more 
precisely, its carboxylic moiety) and the activating agent (see specification at pages 13, line 26 to 
page 15, line 15. 

The presence of the modifying agent as defined in this application permits the production 
of a second activated species more stable in acidic medium than the first species. This is 
particularly true when a carbodiimide is used as an activating agent, as the first activated species 
thus formed susceptible to nucleophilic attack, the O-acyl urea moiety, is also susceptible to 
rearrangement to an N-acyl urea moiety that is no longer susceptible to nucleophilic attack. Also 
applicants teach at pages 13 to 15, that the formation of this second activated species allows for a 
better control of the reactivity of the nucleophile, in particular if the nucleophile presents more 
than one nucleophilic group, by permitting the process to be conducted at lower pH values. 

Balazs is applied in the instant rejection as supposedly teaching a process that involves 
treating hyaluronic acid with an aldehyde to produce a hyaluronic acid with an aldehyde 
covalently attached thereto. Reference is made to column 7 lines 39-42. Applicant traverses 
both the interpretation of the teaching of Balazs in the cited excerpt made by the examiner and its 
relevance in the claimed process involving the chemistry of carboxylic activation with activating 
agents. 

Balazs teaches the formation of lightly cross-linked hyaluronan, which he refers as a 
hylan or HY, by reaction of formaldehyde during the extraction of hyaluronic acid from animal 
tissue. Although not specifically identified by Balazs, it would be evident to a person skilled in 
the art that once the carbonyl group of the formaldehyde has reacted with the hyaluronic acid to 
form the covalent cross-links, it most likely has been converted to a new structure, such as an 
acetal (see for example Shiuiba et al., Brain Research Protocols 2 (1998) 109-1 19, copy attached 
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in appendix). On this point, Balazs hints that the formaldehyde is no longer present in its 
original form in the hylan product by always referring to it as "the combined formaldehyde." 
While Balazs refers to the incorporation of formaldehyde into the hylan product as a covalent 
attachment, Balazs does not state that such reaction leads to the formation of carbonyl group onto 
the hyaluronan. In particular, Balazs's description of the process for measuring the content of 
incorporation of formaldehyde (see coJ. 6, lines 47-54) involving boiling in sulfuric acid and 
distillation more closely agrees with the reverse hydrolysis of an acetal. 

In any event, Balazs does not teach that the formaldehyde is reacted with an activated 
species of the starting hyaluronan, or that the hylan thus formed is rendered susceptible to 
nucleophilic attack, nor does it teach or suggest that such hylan may be reacted with a 
nucleophile to form a water-insoluble product Thus applicants respectfully submit that the 
Balazs teaching are not properly combined with the teaching of the 5,760,200 and 6,174,999 
patents, and that such combination does not teach the claimed invention as a whole. 

Applicants respectfully submit that the present invention is patentably distinct and do not 
constitute double patenting over the5,760,200 and 6,174,999 patents and kindly request that these 
rejections be reconsidered and withdrawn. 
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• TfJT. ^ OPTNTOM WAS NOT WRTTTEN FOR PUBLICATION. 

/ 

The opinion in support of the decision being entered today 

(1) was not written for publication in a law journal and 

(2) is not binding precedent of the Board. 
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ON BRIEF 



^ ^ ' 

Before WINTERS, GRON, and ROBINSON, Administrative Patent Judges. 
GRON, Administrative Patent Judge. 

nF.CTSlON OR APPEAL UNDER 35 U.^C. S 134 
■ This is an appeal under 35 U-S.C. § 134 from an examiner's 
final rejection of Claims 15-17, 19', 22-30, 50-52, and 70-83. 
The examiner has indicated that Claims 8, 31-35, 37, 38, 44-49, 



1 Application for patent filed February 11, 1992. According 
to applicants, this application is a continuation-in-part of 
Application 07/703,254, filed May 20, 1991, now abandoned; which 
is a continuation-in-part of Application 07/543,163, filed June 25, 
1990, now U.S. Patent 5,017,229; which is a continuation-in-part 
of Application 07/100,104, filed September 18, 1987, now U.S. 
Patent 4,937,270. 



Poofcated By Billin g teocpt&ty 
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and 60-69 "are now allowable" (Examiner's Answer (Ans,), 
pages 1-2, bridging sentence). The Examiner's Answer does not 
mention the final rejection of Claims 18 , 20 and 21, the only 
other claims still pending in the application. Therefore, we 
assume that the examiner did not intend to maintain the final 
rejection of Claims 18, 20 and 21. 

Introduction 

Claims 15-17, 19, 22-30, 50-52 and 70-83 stand finally 
rejected under 35 U.S.C. § 103 in view of the teaching of 
Zaffaroni, U.S. Patent 3,998,974, patented December 21, 1976. 
Contrary to the examiner's statement that "Appellant's brief 
includes a statement that claims 8, 15-35, 37, 38, 44-52 
and 60-83 do not stand or fall together" (Ans., p. 3, first full 
para.), Appellants expressly stated, at least with respect to 
the examiner's rejection of Claims 15-30, 50-52 and 70-83, that 
"these claim's stand or fall together" {Appellants' Brief (Br*)/ 
p. 8, first sentence) . 2 Process Claim 15 and product-by-process 
Claim 70 are the broadest claims on appeal. They are reproduced 
below. 

15. A method for making a water insoluble 
biocompatible composition, said method comprising 

2 It is not clear from the Examiner' s Answer why the 
examiner did not maintain the rejection of Claims 18, 20 and 21 
under 35 U.S.C. § 103 in view of Zaffaroni' s teaching. 

- 2 - 
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combining, in an aqueous mixture, one or more 
polyanionic polysaccharides, a modifying compound, a 
nucleophile, and an activating agent under conditions 
sufficient to fopn said composition wherein said 
modifying compound causes the formation of a new active 
carbonyl groups on said polyanionic polysaccharide - 

70- A water insoluble composition prepared 
according to the method of claim 15 or 16- 

pjLscussion 

Claims 15-17, 19, 22-30, 50-52, and 70-83 stand rejected 

under 35 U.5.C. § 103 in view of Zaffaroni' s teaching. The 

examiner explains (Ans . , pp- 5-6, bridging para., through 

pp* 6-7, bridging para., repeated verbatim at pp. 7-8, bridging 

para., through p. 9, first full para.): 

Zaffaroni discloses , nonnutritive flavor imparting 
compounds of the general formula .(F-Z)n-C wherein F is an 
active flavor imparting agent, C is a controlling agent 
for transporting and essentially restricting absorption 
of the compound (F^Z)n-C in a biological environment, Z 
is a covalent bond for bonding F to C and n is at least 
one. Zaffaroni discloses that the group C include polymer 
and polymeric like material of naturally occurring and 
synthetic origin which include commercially available 
celluloses such as sodium carboxymethylcellulose (see 
column 14, lines 14 and 15) . Zaffaroni further discloses 
methods whereby the covalent attachment of the flavor 
imparting agent to the polymer can be carried out- One 
method involve£s (sic)] forming covalent bonds by reacting 
a pendant carboxyl group of a flavor imparting molecule 
with a hydroxyl, amine, mercaptan group or the like on 
the other reactant, wherein activation of a carboxyl group 
can be effected by the reaction of a carboxyl group with 
various carbodiimides, carbodiimidazoles. Woodward's re.agent 
and the like to form highly active intermediates capable 
of reacting with other groups in the presence of a solvent 
and under mild reaction conditions to yield the desired 
compounds (see column 16, lines 30-60) * This method 

- 3 - 
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disclosed by Zaf f aroni appears to be within the scope 
of the method claimed by the Appellants when the instant 
claimed polyanionic polysaccharide is carboxymethylcellulose 
and the activating agent is a carbodiimide. . - - 

The Zaffaroni Patent further discloses other 
ingredients that can be added to the nonnutritive flavor 
imparting compound which include the yolk of eggs, milk 
products/ glutamic acid f glycine and alanine which are 
within the scope of the instant claimed nucleophiles 
disclosed in Claims 30 and 82 of the instant application 
which sets forth the nucleophile being selected from a 
group consisting of an amino acid amide, a monofunctional 
amine, an amino acid ester, an amino alcohol, and amino 
thiol, and amino phenol, an amino catechol, an amino acid, 
a salt of an amino acid, a peptide, and a protein. 

Also see column 25, lines 55-60, which discloses the 
flavor imparting compounds being combine [d, sic] with 
medicinals and pharmaceutical formulations including 
tablets, capsules, powders, lozenges r drops, elixirs, 
syrups, suspensions, oils, emulsions, and the like ► « . - 

Zaffaroni refers to the F flavor imparting or enhancing 

agent utilized to form the F group of his (F-Z)n-C compound as a 

w *f lavor imparting agent', 'enhancer' or 'modifier'" (Zaffaroni, 

col. 4, 1. 7-8; emphasis added) . u These . . . include aliphatic 

aromatics, heterocyclics, and other compounds with different 

chemical structures such as alkaloids, terpene hydrocarbons/ 

amides, oximes, benzenoids, fused rings, esters, ethers, acids 

. . . " [Zaffaroni, col, 4, 1- 41-45). Zaffaroni also teaches 

at column 16, lines 7-29, that the polymer may be made to react 

"with a. triazinyl substituted with both a halogen that reacts 

with the polymer and a nucleophilic substituent that reacts with 



- 4 - 
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a reactive functionality of the flavor imparting groups" 
(Zaffaroni, col. 16 r 1. 7-12) or x> the flavor imparting, group can 
be bonded to the polymer by conventional processes such as 
diazotization, by reacting an acyl halide, a carboxyl or 
anhydride group of a polymer with an amino, hydroxyl or 
sulfhydryl group integral with or bonded to a flavor imparting 
group in aqueous buffer media, inert organic or mixed solvents 
. . /' (Zaffaroni at column 16, lines 13-19) . 

We see no error in the examiner's determination that 
Zaffaroni generically describes a process comprising combining, 
in an aqueous mixture, one or more polyanionic polysaccharides, a 
modifying compound, a nucleophile, and an activating agent under 
conditions sufficient to form a composition wherein said 
modifying compound causes the formation of a new active carbonyl 
group on said polyanionic polysaccharide. However, appellants 
argue that u [w] ater solubility is an essential characteristic of 
.the Zaffaroni compounds since this characteristic permits their 
use as food additives" (Br., p, 18, first para.)- As support for 
the argument, appellants cite Zaffaroni'' s disclosure at column 1, 
lines 59-64 f and column 2, lines 19-24. 

The examiner responds that, because Zaffaroni contemplates 
a method comprising combining, in an aqueous mixture, one of 
appellants' representative polyanionic polysaccharides, a 

- 5 - 
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modifying compound, at least one of appellants' representative 
nucleophile components, and at least one of appellants' 
representative activating agents, under conditions sufficient to 
form a composition wherein said modifying compound causes the 
formation of a new active carbonyl group on said polyanionic 
polysaccharide, Zaffaroni would have suggested the processes and 
products by processes appellants claim to persons having ordinary 
skill in the art. To the contrary, appellants argue that 
Zaffaroni' s teaching would have led persons having ordinary skill 
in the art to make and use water soluble compositions for 
flavoring foods, not water insoluble gels or films for use in 
surgical procedures (Br., p. 20, first full para.)- 

We fault both appellants and the examiner for their 
superficial reading of Zaffaroni. Moreover, appellants would 
have us consider the patentability of processes for making gels 
and films and products made by processes which are designed to 
make gels or films (Br., p. 20, first full para.), even though 
(1) Claims 15-30, 50-52 and 70-83 "stand or fall together" (Br., 
p. 8, first full sentence), and (2) appellants' broadest claims 
are not limited to processes for making gels and films and 
products made by processes which are designed to make gels or 
films . 

- 6 - 
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Appellants have not shown that the examiner erred in finding 

that certain specific components Zaffaroni suggests for use in 

performing the processes he discloses for the utility he 

discloses and the products produced by those processes are within 

the scope of components appellants teach are suitable for use in 

performing the processes they claim to make products for the 

utility they indicate. Nevertheless appellants argue that, 

unlike the final products made by processes comprising the steps 

of their claimed processes, the final products made by the 

processes described by Zaffaroni by combining what appears to be 

the same or substantially the same components are water soluble. 

If appellants' arguments are correct, our findings are 

inconsistent. in fact, they are not. 

While we agree with appellants' argument that Zaffaroni' s 

final products are all water soluble, Zaffaroni teaches that 

substantially water insoluble intermediate products which also 

are made by the processes he discloses must be converted to their 

water soluble form for use as flavor imparting agents. Thus, 

we find that Zaffaroni describes not only direct processes for 

making water soluble nonnutritive flavor imparting compounds but 

also indirect processes for making water soluble nonnutritive 

flavor imparting compounds by producing substantially water 

insoluble precursor or intermediate compounds and thereafter 

- 7 - 
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chemically improving their water solubility* For example, 
Zaffaroni preliminarily states, M The compounds of the invention 
preferably are wftf- ftr soluble and in use pass through the length 
of the gastrointestinal tract without degradation 3hd without 
being absorbed from said gastrointestinal tract into the body of 
the host" (col. 1, 1- 27-31; emphasis added). Later, Zaffaroni 
teaches: 

The compounds of the invention bearing a basic 
group, such as amino or the like r can be converted to 
non-toxic acid addition salts having improved aqueous 
solubility to enhance their use in foods, beverages 
and medicines* 

(col. 18, 1- 4-8); 

* The nonnutritive flavor imparting compounds and 
intermediates used to prepare same when bearing 
at least one carboxyl functionality can also be used 
in the form of their base addition salts that have 
improved solubilities in aqueous media and other 
carrier systems. 

(col. 18, 1- 26-30); 

The solubilities of the nonnutritive flavor 
imparting compounds, or of intermediates leading 
thereto, also can be regulated by acylating the free 
hydroxyl group of the compound or the polymer or both. 

(col. 18/ L, 58-62) ; and 

The hydroxyl grpup attached to a nonnutritive 
flavor imparting compound, a polymer or an intermediate 
can optionally be etherified to form ether derivatives 
that have desirable solubilities in various media, 
carriers, foods , beverages and medicines . 

■ (col, 19, 1. 34-38) . 

- 8 - 
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Appellants emphasize the distinction between the water 
insoluble products produced by the processes they claim and the 
water soluble products Zaffaroni uses as nonnutritive flavor 
imparting agents (Br., pp. 18-20). Had appellants considered all 
the teaching of the reference, they would have learned, as 
persons having ordinary skill in the art have learned from 
reading the entire prior art disclosure, that Zaffaroni discloses 
(1) methods for making water soluble nonnutritive flavor 
imparting compounds, and (2) methods for making substantially 
water insoluble precursor or intermediate compounds whose aqueous 
solubilities can be chemically improved for use as nonnutritive 
flavor imparting compounds. 

Prior art must be considered for everything it would have 

disclosed to persons having ordinary skill in the art, including 

nonpref erred embodiments. Tn re Burckel, 592 F.2d 1175, 1179, 

201 USPQ 67, 70 (CCPA 1979); Tn T.amherti. 545 F.2d 747, 750, 

192 USPQ 278, 280 (CCPA 1976). Here, as in In ye Plockiflflej;, 

481 F.2d 1327, 1332, 179 USPQ 103, 106 (CCPA 1973): 

. . . lA]ppellants introduced the issue of criticality 
in order to rebut any prima facie case of obviousness 
established .... In order to determine the propriety 
of the rejection, this [Board] . - - must be able to 
examine the evidence to determine whether, and to what 
degree, the criticality contended for by appellants 
exists. 

- 9 - 
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That the teaching of the primary reference upon which the 
examiner relies and the reasons the examiner provided in the 
Answer for maintaining the final rejection differ from the 
teaching in the same reference which we highlight on 
consideration of the teaching of the reference as a whole , and 
our basis for holding the subject matter claimed in this case 
unpatentable, is insufficient to stay our review of the 
examiner's final decision on unpatentability over the evidence on 
appeal. To quote Judge Markey writing for the court in In -re 
Grose . 592 F.2d 1161/ 1165, 201 USPQ 57, 61 (CCPA 1979) r *We 
review the decision, not the reasoning ♦ ♦ . Accordingly, we 

affirm the examiner's decision to finally reject Claims 15-17, 
19, 22-30, 50-52 and 70-83 under 35 U.S-C- § 103 in view of the 
teaching of Zaffaroni- 

CPHCJlvgion 

The examiner's decision to finally reject Claims 15-17, 19, 
22-30, 50-52 and 70-83 under 35 U.S.C. § 103 in view of the 
teaching of Zaffaroni is hereby affirmed. 



- 10 - 
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No time period for taking any subsequent action in 
connection with this appeal may be extended under 37 CFR 
§ 1.136(a) . 

Affirmed 




Sherman D. Winters 
Administrative Patent Judge 

Teddy S. Gron 

Administrative Patent Judge 




>mson 

Administrative Patent Judge 



BOARD OF PATENT 
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INTERFERENCES 
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Imrnunbcytochemistry of formalin-fixed human brain tissues: microwave 

irradiation of free-floating sections 
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AlrMrTKt " 



fonflalin fixation. Ac cherrucal pr«e«« ,n which torrnafdchyde binds (o cells and tissu*. is widely used to preserve human brain 
r*lT*' ^™^™J 10 ^U XJlira^etura of cellular and mitochonrW,,! membranes is markedly aUcrcd by 
v^k.iIoiim Ilfi). hut I10 » .nierfere with diagnose evaluation of neutohUiolosy by light microscopy. Sennit* difficulties arc 

•.nirtmmercd. however, when fcnmunocyiochcmieal svlniog i» Mwmpiaj. Antigens (bat are immunonactive in unfixed froten sections and 
pr..wm cxuaei* appear w he conceded or destroyed in formalin-fired ii«ocs. ,mo 

In dii ul c aqacoiH solution. formaldehyde is in eqaififarium with methylene glycol and in polymeric hydrates, ibe Wane* by far in 
™ 5 f ^ [ V! 1 ^'a*** ? * ^ctropWIte ^rieViSTkno^ for blinking fSe£n™ 

groups m «,«,.« proie.n* nucleic ac.d*. and polysaccharide* [16-20.22*71 Some of te methylene OT «Iinics are readily rrydrolyzed. 
Othjr, ore stable and Irre^.bte. During muume^uunms reactions, intra- and toter-molcwlar link* between mocronwlecuk, limit 

lu'f? r '™,unurcactivriy « dimusfted for many anUeer,,, Tissues an rapidly penetrated by methylene clycol bui 

Z^^H * " M r nL " * nSl " IVe,y **' incnaHin « P™E«^^y ^Hbrion, l, niched [liSJ 

pn*qf«! » hra«c .« , nwalln may re^it m acidifictuSc* <rf bum*, tain specimens [42]. Low pH favors dissociation of methylene glycol 
mi., inrmardchydc Jl6l fanner reducing both classical staining *nd anligen deteetability (I442J. ™nyumc giycoi 

v ;in ou> pmccdur« have been deviccd to counter the mligen masking effects of fotraaUehyde. Examples include preireaimem of 
^ : ca,„„, whh prote^ 2 7.23J. fonnic add [3^8]. or nlm «und [43]. Recently, beating of moumed^tions in iopic sa., soluti™ 
L. rrT^i T f ™l'\ reStarE n,,,,J ' amiBens l"7»*-»a^4-S61 Th«ry and practice of microwave antigen retrieval are 

Jn ' ' rd ""••"" ve, y'" C-^Ayor Microscopies (29! A concise overview of mionwav, methndrTn ^ 

kZ^'T'Z 2? n J? ™ I33L C,iDta,, W" 0 "'"" 5 ^ te « "^i™"'* PO]. fa this context. U shonld be noted to* fresh 
r ?' , " , "J™r^J 0Cb, r ni5tty ^ reversib,e ' "»»-*'«miCaI binding processes such a* ^sectioning nfter micrm«ovc 
umixX 2u"2 SeTjSiS! te PaM,We "° enhflR,:e immmosai ^ fw ^ irradiadon of 

Pliers ,io be gpthniarf fo r microwave retrieval of ipacific amigetis inch.de temperature, irradiation time. ,«sue buffer 
*-»p.««.« concentrate and P H Teropomture. irradiation rime, ami pH an, teV^Wcs [«2,I3L W^TJTZ 

rntted ^ ^vdoped for retrieval of a varie^ of antigens in ham™ brain tiLe* [141 T^icti mic™™ pJoco" 
«„P ,™ ^vaird Tempers that may reach .00^. denaturation canses irreversible uncoiling and di 5 ™ption of protdn ^corrfarv- 
. ?4r, T'"""* ° Smble » va '^ bonds seenrics methylene crowhnks between polypeptides rS 

. . nwre^ reactive links formed by Sclilir bases may be hydrolyzed [45]. Resultant conformational chanses Dresumablv cxikkp 
b.,ned U W ps«,r coni.n«o.us ammo actda and proa^ ** ' 

,lH.^!^.,f T^t" ""^ '° b , C S " Mson f We "Phwflw for the elTecrsof microwaves on andgen retrieval. This idea Is supported by 
ih. t*sLrvaoon lliai dcnaturrn B solutions such as 6 M uro. increase immunorescrtvlnr or $0^ .nlificns («. Still the moleculS- basis of 
.1.™ cileos remans unresolved, in pan due ro the complex chemistry of tonnalddryde reactions wi,h tissue contUruents [41] iBdeei 



W^TZ^UVUi^^f NeUmJCUakCa ' Na,haB S - KllT * ,Mti,nM for ^J^iatrie Research. 140 Old Orangebarg R,„d. Orangebarg. NY 

I ih* :.)Q.\/gR,/5IQXl6 © fWX El««l«r Science b.V. All right, reserved, 
n/ SI.1K5.>9VX/-)7)«002«»-9 
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iiwhylcnc bridge?, bclwccn similar groups such as HW 2 and NH may be hydrolyzed by washing fixed tissue* in distilled water ai 
ambit m temperature r«r sevcnil vceks [24.4 11 Moreover, denuurmlon by conventional healing enhance* unlisenicity a* well as classical 
ncirrt^natomiuul Ntuinin- of fttrmulia-fixed ussuc [1339,<HW9]. When such eternally healed specimens are immuncKiasned and viewed 
N> licjn mkrtiiicopy. the rcnuhs arc almoin indistinguishable from throe obtained hy microwave irradiation [58]. Nevianhiile**. the current 
^'idevprcud us*; m microwin-e methods jo cliniwa) and baiiic science laboratories likely results from the speed, convenient, and 
rcprtnlucibilitv w\ lhg results. 

. .U** of immumwcaciiviiy lor many antigens likewise may wur when li^uts arc dehydrated id alcohol before they ant embedded in 
paraffin. GxfK*urc to alcohol chusck antigenic ticnaiuraiion. but clearing in xylene and hearing in liquid paraffin do not [52]. While there" 
jrc nuiiiamus report* of mien i wave procedure for formalin-fixed, paia/fm-embcdded tissues [6,8.9-35,36.3* .44.45.4B.57. 60 J. alternative 
meihuk thai *ouW further extend ihc ranee of retrievable epitope* have received less attention. One simple approach may be to ifwdiate 
litfv-llciatmt scvtliriM vith microwave*. A previous siurij found thai boning vibrmorae wcilon* in solution with microwaves resulted in 
n^-\ we <wmUjiu; of die tissue* This problem was avoided by irradiation of tissue slices in buffer prior to sectioning [|*J, Another strategy 
« pivwimcd hen; for ncuwpaihol luteal *odi=s of human brain [50L Yibratom* sections in l«o»nic. mildly acidic citrate buffer [6 .55] tat 
hcaicd to the hoilmg point with microwaves. After brief denaturation at lOOFC, the sections are simmered for 5 min. To remove wrinkle 
%ec unito. aiv incubated subsequently in TH^bunered saline containing scrum pro us in, um j mm-ionic deter^em. The method also is Miitahte 
i«ir Mrtple- and doubUMabclitifc studies of neural amigeiw in forrnaUn-nxed liosuei from experimental animals. © 1999 Elsevier Science 

BA . 

Tktiur* fell btolopy 

ff/«*o: vStaininp. miciftg. iiral imjijltng techniques 

nv»ry/k ■ 4miiujiu Kyinehe miMry: Microwave antijscn retrieval; NeurtipathoiHgy; Tau pmicjn kinase I/*lycopca syndic Uiuu*.* £ 



J- Type of research 

Neurobiology and oeuropalhalogy. 

2- Time required 

* * Mic rowaye" proccihire : I h fc 

* Single-label tmmunwinlning: 24 h. 

- Double- label immunoslaining: 48 h. 
■ NissJ countcrstaining; 45 min. 

* Thioflavin-S ecu maintaining: 45 min. 

- Subbing of glu/iN micmsHdefc 24 h. 



X Material* 

Unless otherwise specified, aJJ chemical leagents are 
mailable rrom. Sigma Chemical Co. (Sl Louia, MO) ant) 
all anlibtwJy rra^unb; arc from Voclor Laboralories 
l3urJingarric. CA). KihanoL methanol, and xylene are ACS 
rca^cju gruilc. Aqueous solutions are prepared with deion- 
jy.cd w;tt*:r, Citrate buffer is 50 raM Imodium citrate 
tlrh>-<lrate, pH 6.0. Antibody diluting buffer (DB) Js 20 mM 
TrivMCl. pH 1A. 1^ nortnaj goal iicniTn, 2% bovine 
M:rum i- albumin. 0.4^ Triion X-100. 150 mM sodium 
chlondc. Triji-burTered ftulinu (TBS) i» 2D mM Tris-HCl. 
pH 7.h. 150 mM sodium chloride. 
• .Special cqurpmcnl; 

BeulQcrs (Pyrex* ^lass. 100 ml). 
* Covcislips (24 x. SO mm. Corning). 
. Lids /from high density polyethylene Capljn jars 
Tlioniari Scicnlific). 



- Micropipets and disposable lipd for I ml. 200 jtl, 
and 20 /il volumes. 

- Microwave oven (e.g.. 500^1000 W> with an an* 
Iddefrojt mode. 

■ Millcx-GV fUtew (0^2 /im, SLOV025LS, Millipore 
Corp.), 

• Paint brashes (SabJc hrwhc^, 1 1822, Ted Pelh /ncJ. 

■ Pens (Marker Il/SuperfroSl black ink, Securlinc. 
Preci^on Dynamics Corp.). 

- Rocking platform (e.g.. Reliable Sciemlfic). 

• Slides (FlSHBRJiurjit Premium glass, 12-544-2. 
Fisher Scienlillc). 

• Staining di*he* (Whcaian 180 gJass. 20 slide, S 
6141, Sigma Chemical Cb.). 

- Syringes (disposable plaftic 5 ml). 

• Tissue cuhure dishes (35 x 10 mm. Falcon 3001. 
Becmn Didciosoa). 

- Tissue CUllurtt plates (six- well. Falcon or Becton 
Dldinson). 

• Vibratome (Series 1 000, Pelco 1 01, Ted PeJla Inc.). 
• Chemicals and reagents: 

1 Acetic acid. 

■ Bovine serum albumin (fraction V powder. A 2153). 

- Cr**yl violet acetate (C 17*>1). 

• Chromium potassium sulfate (C 5926). 

• Eihanol, 

• Formic ncid (F 0507). 

- Gftlatin (Type B from bovine skin* appro*. 75 Bloom, 
G 6650). 

• Hydrogen peroxide (30% stock solution, H 1009). 
< Methanol. 

• N-Dimethyl formamide (D 8654 ). 
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- Pcntioum' covenl ip mounting medium (Fisher Scien- 
tific). 

- Sodium acetate (S 8625). 
> Sodium chloride (S 

- Sodium citrate (S 464]). 

• Thipflnvin-S (C.L 49010, Direct Yellow 7, T 

• Triton- X- 1 00 <X- 100). 

• Trirma base (T 1503). 
Immune* heinicah>: 

- Biotinyluied anii-mousc IgQ (H + L) (BA-20Q0). 

- Uuflinylatcd anti-mouse IgM (/i. chain specific) 
(BA 2020). - 

- Bicxinybted anti-rabbit IgG (H + L) (BA-1000). 
■ '■ Biotiuyjated anu-sheep IgG (H -f- L> (BA-6000). 

• DAB Substrate Kil for Peroxidase (SK4100). 
' SG Suhsiraie Kit for Peroxidase (SK-4700). 

- Vectasfaiu ABC, Kir (Siandaid) (Pfc4000). 

• Vff Substrate Kit for Peroxidase (SK-4600). 



4. Detailed procedure 

J,/. Mirronw? irnitfiatitm of fw-Jloaring hraln seclions 

A. Cui 40 p.vti . vibratnme sections of formalin-fixed 
prams, and float ihcm in 2 mJ of TBS (20 mM Tris-HCl, 
pH 7.6. 150 mM sodium chloride) in a multiwell tissue 
culture plate'. A six-well plate (well diameter approx. 3.5 
cm) works best, because each well can easily hold six or 
mom ussuc sections (1X2 cm) in a volume of 1-2 ml. 
The identity of each section Can be determined by msxeh- 
mg i i.n shape to an extra section cut and floated in TBS in a 
correspondingly labeled Petri dish or multiwell pints* Al- 
lien aiively the .shape of each section can be drawn in a 
notebook Tor later identification with its corresponding 
ray? number. Label the lid or lixe plate above each well to 
iiulicjitf i hi? antibody, treatment conditions, or other infor- 
mation. In order fo confirm that antigen retrieval occurs 
immumtt-yiochcniiCBj staining of microwave-irradiated sec- 
tion* should he compared to that of adjacent sections that 
are not subjected to microwave heating; immunoreactivTry 
should be absent in these negative controls, Extra sections 
should He cut for this purpose. If fresh tissue is available, 
L'fmvcmkmiiLfVtozen sections may also be prepared. Store 
vibratomc sections in TBS overnight at 4^C, If serial 
tectums are needed, number the wells on the plate lid 
accordingly. Set up an additional plate with sections from 
cuch case for classical histological stains such as heraa- 
■ r»> tin arid cosi'n,' NissI, thiofTavin-S,- and Bidschowsky 
>ilvci. 

B Just before use. prepare a 1:100 dilution of a 30% 
hydrogen pcriMtidc stock solution in methanol. To inacti- 
vii«ei endogenous peroxidase activity j* the tissue sections, 
itrimtvc tJio TBS from each well with a micropipet and 
add 2 ml of ' meihaftol/0.3$- hydrogen peroxide for 30 
min. Sei the plaic on a rocking platform during this time. 



Slow, gentle rocking is sufficient for all subsequent incu- 
bation and washing steps. Rapid rocking may result in 
sections sticking ro the sides of the wells or solutions 
spilling from one well into another. Sections will shrink 
and wrinkle in methanol due to dehydration. These distor- 
tions are only temporary* however. 

C. Discard the methanol /hydrogen peroxide. Rinse 
briefly in TBS, and wash the sections in 2 ml of TBS by 
rocking the plale for 10 min three times to remove all 
traces of methanol. This will also allow time for rehydra- 
tion and expansion of the sections. Wrinkles will gradually 
disappear. 

P. Transfer the vibratome sections to 100 ml Pyrex* 
glass beakers, each containing 60 ml of citrate buffer (30 
mM irisodium citrate dihydrate, pH 6 0) [6J5J. The i*> 
conic 150 raM sodium con concenrxaiion of this buffer will 
prevent shrinkage or expansion of the sections during 
healing. It is convenient to mark each beaker with an 
alcohol soluble ink pen to match its corresponding well in 
the tissue culture plate. Those beakers that do not contain 
tissue sections can be filled with 80 ml loads of water. To 
distribute the heat evenly and prevent overheating, six 
beakers should be irradiated at the same rime. Cover each 
beaker with the inverted lid from a high density poly- 
ethylene Coplin jar {8341, Thomas Scientific), concave 
side down. Since the lid is not attached to the beaker, some 
sxeam can escape but most will condense and drip back 
into the beaker. Never screw lids, even loosely, on contain- 
ers that are microwaved [331 

E. Members of the European Microwave Organization 
have established guidelines for reporting methods of mi- 
crowave irradiation [31 J. Accordingly, in this work [50] we 
used a Tappan Speed Wave 1000 microwave oven (USA 
Model No. 56-5472-10/03. serial number HG 30804110, 
product No, 941354362, Manufacture date February 1993, 
120 V. 60 H2, output 1000 W. frequency 2450 MHz), The 
total irradiation time was 7 min. Beakers were positioned 
syrnrnetrically around the center of The rotating platform of 
the microwave oven. They were set on paper towels in a 
microwave-safe plastic dish to catch any liquid that es- 
caped. Irradiation was performed at Tull power until the 
buffer just began to boil. This took about 2 min. Then the 
power was turned off. and the setting was changed to 
autodeirost mode (i.e H intermitterw microwaves at 200-300 
W, cycling on for 5-10 $ every 30 s). The timer was set 
for 5 min* and the beakers were irradiated again. During 
ibis period, the temperature of the simmering liquid re- 
mained between 95 and IGf/C. and the liquid did not boil 
over. To confirm the temperature, the liquid in each beaker 
was measured with a thermometer just after the microwave 
irradiation stopped. 

F. Safety precautions should be strictly observed as 
described (33]. To avoid thermal Injury, wear insulated 
gloves and safety glasses when handling hot liquid con- 
taincrs. Rem ve die beakers from the microwave, take off 
the lids, and allow the solution t cool on the lab bench for 
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approx*. 30 'min unlit the (empertuura falls below 40^C us 
measured by a thermometer. 

Ci. Using a small soft bristle paint brush (1 1812, Ted 
Pel la Inc.). transfer (he section!) to a mulliwcll plate con- 
laining'TBS. und carefully unfold them lo remove creases 
and wrinkles. Wash tha sections Tor 5 min I WO time* in 2 
ml tfcf TJ5S tin a rocking platform (e.g., Reliable Scientific). 

J. 2. lirimtmorwmrhcrtiisiry ofiHhmume secrUuts 

Ml This pan of the protocol is a modification of the 
■ ineihnd of Cataldo tsl ul. 14.5]. fcemovc the TBS. and wash 
the stoibns in 2. ml of diluting buffer <DB; 20 mM Tris, 
pM 7.4, 1* normal gnat .serum, 2% bovine scrum albumin, 
[>4'.> Triton X-100. J50 mM sodium chloride) by gently 
p xt king for 10 min ihree limes. As the .sections absorb 
proiL-in in the presence of ncm-ionla detergent, wrinklen 
ff niUaaIly disappear. Three hundred ml of DB is 
generally enough for an experiment involving two fux-wdl 
plasrlc livsuc culture plates. Prepare DB as follows. (I) 
Uiv^Kc 6 g of bovine Kcrum albumin in 150 ml of TBS 
by magnetic stirring for approx. 20 min. (2) To prevent 
micelle, formation, dissolve 1.2 ml of Triton X-100 into a 
M!p;ir;iie 150 mi volume or TBS for appro*. 20 min. O) 
When solution* afre completely dissolved, combine and 
mix them by.mugnetic Mining for 5 min. (4) Using a 3 ml 
syringe, slerile filter 3 ml of normal goal scrum inlo the 
combined solution. Vac a Miltcx-GV 0.22 filter 
(SIJ3VQ251 JS. Millinore Ci>rp.) or equivalent filler. (5) 
hHcr the solution through Whatman No. I paper in a large 
funnel, and siore it ui 4*C 10 Inhibit microbial growth. 

. I. Remove the DB. and add 2 ml of slerilc-filteTed 20% 
«*crun¥ leg.: normal gout >*nim in TBS) for I h lo block 
non-spectfie protein binding sites in the tissue sections 
Then, continue ihc ninfcle-labifl or double-label imrnuno- 
staining procedures as described below. 

J. I'tiT beat resuux ccntriruge all antibody atocfe solu- 
tions (primary, and secondary) at [5000 rpm [e.g., TOMY 
MTX-150 centrifuge) in microfuge tubes for 5 min just 
before preparing working dilutions. This wtU remove par- 
tially denatured antibody aggregates and precipitates thai 
nnn- specifically bmd to the tissue sections, increasing the 



background staining. Incubate sections in I ml of an 
appropriately diluted primary antibody in DB. Serial dilu- 
tions should be tested and the iramunoit: active endpoinl 
determined. Incubation time (several hour.s vctsuh 
overnighr) and temperature (room versus 4°C) may vary 
according lo experimental conditions. High dilutions of 
antibody and long incubation rimes, at 4°C are preferred to 
attain a low non-specific background jrtain. For example, 
nibbit antLseru ul high dilinion (e.g.. 1:2200) usually re- 
quire an incubation time of 1 Si— 20 h and temperature of 
4 D C to prevent microbial growth. When rabbit or mouse 
antibodies are in the form of purified IgG. the dilution is in 
the range 1-10 /ig/ml. Always dilute antibodies in DB or 
TBS. never water. Negative controls consist of sections 
incubated with pro-immune serum, normal IgC. or TBS in 
place of primary antibody. In cases where anti-pepiide 
antibodies arc used, controls Tor specificity should include 
antibodies preabKorbed overnight at 4^C with IU-100 
fig/ml of their peptide immunogen or with the same 
amount of a heterologous peptide. 

K. WukJi sections for 10 min three times in 1 ml ot DB 
as before. Incubate the sections in 1 ml of biotinylated 
Mecondury antibodies in DB for I h. This in affinity-puri- 
fied biotinylated antj-rabbil IgG (H + l J produced in goal 
If the primary antibody is polyclonal rabbit antiserum or 
IgG, It is affinity-purified biotinylated anti-mouse IgG 
(H + L) produced in horse if the primary antibody is a 
mouse monoctonul IgG. Centrifuge the solution uk, de- 
scribed in step J, and add 50 jtl to each 10 ml of DB. In 
some cases fe.g., when mouse monoclonal IgM is used as 
primary antibody), a biolinyJuted unti-lgM secondary ami- 
body will tie needed. 

U Wash for 10 min three times in I ml of DB. Incubate 
the section* in \ ml of avidin-biodn complex (ABC) for I 
h. Use a standard Vectasialn ABC Kit. The ABC reagent is 
made by adding two drops of solution A and two drops of 
solution B to 10 ml of TBS at least 30 min before use. Ti is 
usually convenient la mix the ABC complex 20 min into 
the secondary antibody incubation step. 

M. Wash fur 10 rain three limes in I ml of TBS. DAB 
h a potential carcinogen, so wear disposable gloves during 
this part of the procedure. U*e the DAB Substrate Kit for 



I*. J. finmumKyiiKhcmifliy of aml-wa proton kiwc |/j;|yoos» *ynlhu* fcinocJ/J Id i*c human bippoc^npul CAMubflctd [501 Ftmy iim ihlck 
-.1 kdininv s«W »l hndn iKhb wl-tc pntfrcatixf with microwave* an d pmcc**d for iinimincicyi.^temivoy as dcttFifccd in Section 4. A. C and L> 
Al/hrfn™ s dUsmi h*j,n>. B is a uunw>| femla wtib Al^im^llai chuii^ A. 6. anJ D art tcingle-Uax! D/VB (MoiirnJ Imfmim^taim:. A and B arc 
.^ntcrsiaimid Nuc \i1»h wsf\ violet * v'mnVzc nuclei and Nisrf subswncc in coll bodice C w a Ambfc-lafccl DAB lht<>wn)/V\P (purpla) 
iminamisivn wiih^ a cutnteMam. D » cuuntoiaincil with lhU)llavtn-S (yelJow) imd viewed mnultaiteiPBUy in tungsten and ulinvloltt light. ScaUr 
hjr* an M m (in A). - 40 M <» **»n D). and - 30 (in B£). THcm diptnl ia*gc» were canned ^rti AS ntm vtikrr slides iind proctKlied 11 a Maciftiwh 
u.ws-wnnn it* dcncriNsd ISO) A: unD4uu protein (eW l/glyc^cn ^mhsM ^inai*-.^ itacts wiih a ft^l croup nr *inH H iialt bearing pyr«mida> 
^unniK Ntm Uuv ihc jilrony suiniiis itT these saU* wd (heir 5vmiurtdirv& nraropil stands util a^uinsi ihc u^ufcer, unifoTm ranuUon 0l* ttUS aciehbciring 
iKiHnpil <md i-ett InxlJcs. B: jnit^au pnncm kinase l/glyxti^ui symW tifl;ws-A0 Kicalboat in w pynurridsJ ped bodv. apical dcndHt*. and n^uritct 
imludinj! iKc prvxxmil axon In a **in4 Smln wfih ArzhcimcMikc dtli^c*. C nnli*lmi pmtcin kina« f/g-yco S cn *yt*Uv*: kinu«-A^ inwiuaortuclK-hv 
(bn.H-n) rw tocalnml adja. ciw tn un carry ncumnbriltrry tangle swined by ami-lau ptuuptuv^riOQ 413 (purple) in a pyftanidal neuron cdl My 0- anil-au 
tTnncr.1 k.rtttxc l^jEisrcvqsdi. ^ynthawe rtocu wit?i n ^tnbnhir clurtcr oT Osumfal owirite* (bfrt*n> ui tfj/p^phcry i>f n ncuriltc plaqnc w(m u 

iliinjla<m-S hi\n»nunn:!cccnt ^-nrnyloij prvtcia con: (ydiuu-). 
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I'fiioMda.sc (SK-4100. Vector Laboratories) lo slain the 
MXiions. Prepare the chromogen solution just before use It 
iv important thai the saucer bottles id this kit be held at a 
IT' angle while dispensing the solutions to insure that (he 
droplet size is correct. The final solution should have a 
purple volor. A yellow color indicate!; thm (he notation Is 
u-lmU. :md it should be discarded. Sections should be 
"CptiruicJ from each other and unfolded with a small paint 
brush juM prior to staining to permit even penetration of 
the chromogen. Use 4 light background te.g.. white paper) 
henc ath the divlt to better visualize ihe staining process. Be 
sum that the sections ane completely immersed. Sections 
Allium light to dark brown depending on the amount of 
luin-spccific background immunoreactivity. Do oat allow 
<cciions to gel loo dark. Two to 3 mill of staining 1$ 
usually optimal. To tenrtinate the reaction, transfer each 
scuum with a smull paint hrtisih u> a matching Well in a 
sccikiJ culture pJiile containing 2 ml of deicmbsed water 
per well. Decontaminate the remaining DAB solution with 
hou.^icluild laundry bleach nnd discard it aft toxic liquid 
wa'sie. Keep separate paint brashes for u.se with DAB 
soluiionxfc Wash them in water, but do not treat them with 
"hicatrhV. 

N*. Wash sections for 5 min by transferring them to 3 
new six-well plate with wells containing 2 ml of deionized 
water. Remove the water with a micropipeUe, discard tt in 
the ur*ic waste", and wash the sections two more times for 
M min in 2 ml TBS. For double-labeling immunocyto- 
vhcmiMry. cluiion of antibodies and avidin-biotuv-per- 
o.udasc complexes between tlte firei and second labeling 
reactions is accomplished by washing the sections for 10 
min (hrco limes in 50 mM Tris-HCI, pH 7.6, containing 
It^tf .dimcthyiformamide (59J. Remove the dimethylfarm- 
amide solution, tfnd wash the sections fur 10 min In 2 ml 
oi Tfts three times. Then, rc-block with 20% serum (step 
I), mid repeat siepv J-M wirh the second primary antibody. 
Ikc a VIP (SK-460P., Vector Laboratories) or a SG (SltV. 
4700, Vector t^ibomtoricN) Substrate KU for Peroxidase as 
the cfyromogen for, the second primary antibody. DAB 
polymers are insoluble in dimethylfonnarnide, making them 
idwal a* ^he first chromogen. Purple VIP or blue-grey SG 
reaction products provide excellent contrast with brown 
DAB precipitates. These reaction products are also resis* 
tant to the eihanol and xylene used to dehydrate the 
*cciion> prior to ntounting, permanent coverslips. Double- 
hihel controls tnay include reversing the order of antibody 
sl;iuiin« as, mc|l as substituting rabbit anb'-GFAF IgG 
IDjku. USA), recognising u « asirocyte-specific interraedi- 
utc 'filament protein, for the secondary antibody. 

C). Some pradice is required for this step, especially if 
one. intends- 10 mount several sections per slide. Using a 
sniiilf sop britiile paint brush and, a Petri dish rilled with 
TUS, pick up the sections on gelatin^ubbed glass mi- 
ciosliden.' See Section 6.2.4 for preparation and storage of 
'hose slides. Drain ihe excess liquid from the slide by 
holding U vertically on Kimwipes*. and place It face up 



on a flat surface. Small wrinkles will smooth out art the 
section slowly shrinks and dries- For best results, air-dry 
the sections for at least 1 h, usually overnight, at room 
temperature to firmly affix (hem to the slides. 

P. Based on the shape of each section, identify the case 
number and label the frosted end of each elide with a 
Marker H/Superfrost black ink marking pen (Sccurline. 
Precision Dynamics Corp.). Single-labeled sections may be 
counlcrstamed with cresyl violet to visualize nuclei and 
Nissl substance. Tq avoid color mixing, double-labeled 
sections should not be counterstainecL Optional protocols 
for derrxmstrating nuclei and Nissl .substance or amyloid to 
compare with the tissue distribution of single-label im- 
munoslatns are detailed in Sections 6.2.2 and 6.2.3. Dehy- 
drate the sections and mount eoverslips as described in 
Section 6.2.2, part C 



5. Results 



5.1. IntmtmnftJstalogy 

It should be noted that the imraunostainirig protocol 
presented here is not universally applicable to all tissue 
antigens masked by formalin fixation. Results may vary 
according to the specificity and avidity of the primary and 
secondary antibodies that arc employed. In addition, a 
certain amount of trial and error is required to optimise 
primary antibody dilutions, temperature, and microwave 
irradiation time* as well us other variables such as pH and 
ionic salt concentration 1 14.47.53]. In our experience <Fig. 
1A-D), however, anli-peptida antibodies to developmen- 
taUy regulated protein kinases gave excellent results thai 
were specific when compared lo antibody preabsarption 
controls [SG]. Though ihe irnmunoreacuvitiefi of masked 
epitopes ore often restored and morphology is senerally 
well preserved, Nissl staining is reduced, and membranes 
may appear less distinct In addition. It is well known that, 
there is considerable individual variation in the immuno- 
reactivity of human autopsy brain tissues, resulting rn part 
from autolysis (hat lakes place during the post-mortem 
iatervul between clinical death and removal of the brain. 
During this interval, prowuses and nucleases lake their toll, 
and some antigen* ore completely degraded. In addition, 
ifausuce may become acidified by prolonged storage in 
formaldehyde, leading to decreased immunorcaciivity as 
discussed below. Nevertheless the enigmatic naiurc of 
chronic neurodegeneraiive diseases such as Alzheimer's 
disease, for which there are currently no good animal 
models of pathogenesis, leaves liule alternative than to 
make the best use of available autopsy material for re- 
search. These methods may prove useful to those *ho 
undertake soch investigations. 
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Problems are rarely encountered when these procedures 
arc followed to the letter, or course, deviation from the 
script no matter hew trivial or well intentioned (he change 
may seem, will create frustrations in pinpointing the source 
oJ' any trouble, In our work [50], we used human brain 
specimens that were fixed in neutral buffered formalin for 
los than I year. Specific antigen imraunoreacttvlTy was 
<Irmons^«icd after* vibratomc sections were heated with 
niicm waves in isotonic c urate buffer at pH 6.0 
'flics** voitdiuons were only mildly acidic and may not be 
wimble- for all antigens Long-term exposure to rbrroai- 
tichyric fixative results in progressive tissue acidification 
that may duurease both classical and immunocyiochemical 
thiln'ng properties [42J. Such tissues require special treat-. 
nh:ms lor antigen retrieval. Mierowave healing or boiling 
(he u.«sues in basic buffer is one possible solution to the 
pmhlem 142]. and this approach has been optimized re- 
cently (I4J. 

Microbial growth in the antibody diluting buffer may 
iKcur occasionally* but this is quickly recognized when 
<cctk?u» arc stained with crct>yl violet for NIs«J substance. 
Bacterial clusters often form blue blotches on the sections, 
and individual bacteria arc clearly visible In the light 
microscope. Contamination may be averted by preparing 
rntttinaoetius solutions fresh for each staining experiment, 
if possible just before use, then filtering and storing them 
at 4*C at alt limes. Questions regarding the imraunodetec- 
lion and *ubiU/ate kits should be referred to the manufac- 
turer" s technic;;! support service and troubleshooting guide 
both of which are excellent. Serial dilutions of all primary 
;m Li bodies should be tested and their immunoreactive end- 
primh determined. Likewise, in order to avoid overstaining 
ih-M may obscure antibody specificity » minimum develop- 
ment times in chromogen solutions are preferable. Anti- 
body Mock flotations should be, ccntrifuged before working 
dilutions are aliquotied. This will remove aggregates and 
precipitates of partially denatured antibodies thai may in- 
crease non-specific background Staining, which is mott 
conspicuous over white matter uacts but not confined to 
thom. .Once unsdricd on gelatuvsubbed slides, Sections 
should never detach during coumerstaining and mounting 
procedures. If they do, check the source and concentration 
ol gelatin in \he subbing solution as well as the method 
uvd ui eoai itic slides. Finally, patient consistency in 
perlormance'uft th* best infiurunce against a major mishap. 

6. J Ahcrn'atit-e and support pratoenfa 

rt. J. /. Internet jnwwvr* 

The following Internet websites contain a. wealth of 
information that may be useful for troubleshooting as well 
r* designing new applications lor microwave histotechnol- 

n^y: .... 



* Protocols 2 f !99& 109-119 I |J 

- Advances in Temperature C nlrol of Microwave Im- 
munohitHachemiBcry 

(hllp.//www,ebsc teruxs.com/papers/mw_terrip.htrn) 

• Development of Microwave Irnmunohistochemistry 
(htip://www.ebscieitc^com/papere/mw_immun.htm) 

- Microwave Antigen Retrieval Technique 

(httpr/ /www£b5ciences,cwn/parjers/antigen.htmJ 

• Microwave Irradiation of Cryostat Sections Accelerates 
and Improves Nitric Oxide Synthase Staining 
(hltp://wwwxbscieru:es.com/pap0r«/Microlabs.htm> 

- Microwave Processing Techniques for Microscopy 
(hltp://wvvw.ebsdericcs-«3m/paper^/mw_tech.htm) 

• Special Scains Using the Microwave 
(http://www_ebsciedces.com /papers /moorchim) 

■ Tips and Tricks of Microscopy 
(http://www.biotechoifl.edu/ ~ erncl/Tips.hcmt) 

6X2. NissI cvunierrtain for single-label immunocyiochem- 
istry 

Identification of various type?, of neurons and glia in 
human brain tissues is greatly assisted by assessment of 
nuclear morphology and location within specific laminae. 
In general, neurons have a relatively large nucleus and 
cytoplasm as well as abundant ribosomcs compared to glia. 
Coumeretaining for Nlssl substance with cresyi violet, 
which stains both neuronal and glial nuclei, offers the 
advantage of being able to correlate smglc^tabal i mm u no- 
staining with neural cell type and tissue architecture. This 
is especially useful when DAB. which doe.? not non- 
specificaUy stain nuclei, is the immungperoxidase chro- 
mogeh substrate (Fig, 1A and B). TTw brown color of i» 
reaction product Is unchanged by the NissI stain described 
here. In addition- the counters tain can be completely re- 
moved by immersing the exposed section in acid-alcohol 
for 10 miD, permitting further studies after photo mi- 
croscopy. As NissI substance is very sensitive to nucleases, 
its presence or absence also reflects the extent of tissue 
autolysis at the time of formalin fixation. However, in the 
case of double-label imraunosiaining (Fig. 1CX especially 
when, the chromogen may tinge nuclei, or when chro- 
mogen colors may be altered by subsequent NissI staining, 
it Is advisable to omit such councerstaiomg. 

A. Wheaton 180 glass horizontal style slide staining 
dishes (S 6141 . Sigma Chemical Co.) can be used to set up 
all of the various alcohol 4nd xylene solutions used in this 
procedure* Load immunostained, air-dried sections on 
gelatin-subbed microstides (25 x 75 x I mm) into bottom- 
less glass racks with wire handles. Be sure that all sections 
are attached to the slide surface nearest you and that the 
frosted end of each slide is on the left. This will prevent 
you from accidentally wiping off one of the sccdana when 
you pick up a slide from xylene to mount the coverslips. 
Insert one slide per slot (i.e., ten slides per rack) to allow 
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-enough Txmm for five flow of liquid across the surface of 
the. sections during the dipping procedure described below. 
Rebydraic the sections in water for 2 min. Countersign 
<vctlon> with freshly prepared cresyl violet siaining solu- 
lion Tor 20 min ut room lehipermurc. Slock solutions are 
, prepared as fo1 fern's. 
• Cray/ v htlct wpfa/c. Dissolve 0.2 g of cresyl violcl 
uuctufce (C-1791. Sigma Chemical Co.) in 150 ml of 
dc ionized water. Filter (0.22 /*m) and store at 4°C. 
• . CVjwjfcKnH J.S. Mix 94 ml of 0.1 M acetic acid (0.6 
ml : of concentrated uccijc acid per 100 ml en* water) 
.wiih 6 ml of .0.1 M sodium acetate f 1.36 g per 100 ml 
•of water). ' 

■ Cresyl riokt staining xolufhru Just prior to staining, 
mix 12 ml of crcsyl violtl slock solution with 20O ml of 
. CV buffer. pH 3,5- 

' R. Rinse in two changes or water by dipping the slide 
rack up and down ten times to remove excess stain. If the: 
sections have not been treated with microwave irradiation. 
JcsUin them briefly in acid-alcohol (200 ml of 70% 
cihannl in water plus five drops of concentrated acetic 
acid) by slow magnetic stirring and dipping ten times. 
r*k<:i>c note that microwave treatment reduces the affinity 
of the i issue for the Niasl stain. In order to compensate for 
tins effect, the usual desiajning step in acid-alcohol should 
be omitted. 

Rinhc in two changes of water by similar dipping of 
the /nick ten limes lo remove ihe acid-alcohol. Theft, 
dehydrate the sections by dipping ten limes in each of the 

. Intloudjig alcohol solutions: 50%. 70%. 95%. and 100% 
ethanol in water. Finally, dip the slides in iwo changes of 
xylene, and leave ihe rack in xylene. Remove each slide 
with a forceps, wipe off the xylene from the boclu and 
mount a covendlp (24 X 50 mm) over the section, being 
careful to gently press out wll of the excess mounting 
medium (e.g., Permovwt, Tishcr Scientific) with the for- 
ceps, Dip slide hy hnftd ten limes in xylene to remove 
excess mounting medium. Wipe the back and edges of the 
Niidc while holding the coverxlip in place wiih thumb and 
forefinger. Plafce me slides face up on paper towels to diy 
overnight. Do not load them vertically into slide boxes 
while wef.'* . . 

P. Crassly, ihc sections should be almost transparent 
except fof the areas of specific imrnunostalning. Immedi- 
ately after mounting the eovcrslipx. examine the slides 
with a microscope. The nucleoplasm should be clear ex- 
cept for a densely stained nucleolus and scanered chro- 
matin. Th* nuclear membrane should be sharply delin- 
eated. 'The cyioplusm should also be clear except for 
nbo\omes whfwc staining should be punclste blue or vio- 

• let. There should be.rw additional blue background stuin- 
mji (e.g.. while mailer tracts which contain no rlbosoraes), 
If the couiuerslulning is too light or too dark, reload the 
slide ruck and immerse it in xylene until the coverslips fall 
■>rf. This usually rakes 20-30 min. Then dip the rack In 



! 
i 



xylene and ininsfer the rack back through ihe eihanol 
scries (100-50%). again dipping ten times in each solu- 
tion. Finally, dip in Iwo change;; of dcianized water to 
remove alcohol. Repeal the cre&yl violet counterKiain for 
20 min. and destain for a shorter or longer lime in acid-al- 
cohol as needed to adjust the stain intensity. 

(5,2,.*. Thlqfltwin-S amyloid vrntntirnslain for linxle-label 
imfmiupcytacfwtiixiry 

This protocol is a modification of those previously 
described [5.211 Along with neurofibrillary tangles and 
neuropil thread*, amyloid plaques are hlsiopatholOKical 
hallmarks of A1/.hgimer s disease. Plaques are composed 
of piolcinaceous extracellular amyloid deposits in the 0- 
pleutcd sheet conformation. Thioflavln-S is an mtcrcalattve 
fluorescent dye that has proved useful far identifying such 
conformations in formalin-fixed tissue proteins. Though it 
doe* not identify all forms of amyloid deposits, it remains 
a quick and reliable estimate of the amyloid burden in 
classical neuritic plaques, and its yeilow-grccn color con- 
trasts well with ihc brown color of OAB reaction products 
Thus. DAB works best as the chrome- gen for the single- 
label immunosmin (Fig, ID). Some intracellular neurofib- 
rillary tangles, especially those in Uter stages of develop- 
ment, are also stained by ihloflavln-S, but their site und 
shape make them easy to distinguish from amyloid plaques. 
However. ihioflavin-S permanently tinges the tissue yel- 
low, making it difficult to use Tor subsequent histochemi* 
cal procedures. 

A. Air-dry immunostained vibraicme sections on gelatin 
subbed slides as usual. Do not counterstain uectiuns with 
ercNyl violet (Nissl) or other histological stains. Prepare 
1% thioflavin^ (C-l. 490 10. Direct Yellow 7. TIA92. 
Sigma Chemical Co.) by dissolving in 70<fc ethanol for 
1-2 h While stirring. Using a large BUchner funnel and 
vacuum, filter the solution through Whatman No. 6 paper 
or equivalent. Practical grade reagent dissolves slowly and 
incompletely. Consequently, it also niters slowly, und 
some particulate matter may remain suspended in solution. 
Store the slock solution in a brown glass bottle in the dark 
at 4*C. 

B. Rehytfruie sections in a graded ethanol series (ID0<3r.. 
95%, 70%, and 50% ethanol in water) for 3 min in each 
solution. Immerse sections in 1% thioilavin-S in 70% 
ethanol for 20-30 min in the dark. Return ihu solution to 
the stock bottle, and save it for future use. 

C. Wash section* lor 3 min three limes in 70W ethanol 
to remote excess dye- Dehydrate sections by dipping ten 
times in each solution of a graded ethanol scries (50%. 
7t)<%. 9$%* und 100& eihanol in water). 

D. Dip sections ten times in each of two changes of 
xylene. Mounl coverslips (Permount). Store slides in the 
dark until ukc. 

fi. Examine sections in a fluorescence microscope (e.g.. 
Zeiss Axioskop) under ultraviolet light using «i rhlofluvin- 
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specific filter. Amyloid fluoresces yellow-green, DAB im- 
VnUTUTfKTpxidasa reaction products appear brown, and other 
n^ue component are reddish when tungsten light is added 
siinuli:mcdiJsly> * 

6,2.4. Subbing glass micwslides with gelatin 

• Tht-. protocol is Tor standard use with vibratome sec- 
tion* A vpeciul protocol mtisr be used for autoradiographic 
preparations. Use 25X75x1 ram FISHER firurst Pre- 
mium microscope slides (12-544-2, Fisher Scientific) or 
equivalent Powdered gelatin may be obtained from Sigma 
Che mien I Co. ' , 

A. ].imd glass slides into bottomless stainless steel 
racks, each holding aboOf 30 Nlides. Be careful to touch 
oi\l> the' edg« .or the dides while handling them. Uiing a 
wire handle, immerse each rack in 95% ethanol Tor 5 min. 
flu-n minster ihe sdides to a basin of running tapwaier For 
i min, nnd immerse mem a^ain in distilled water for 5 mm 
mo limes. Dip the racks up and down ten times between 
each chumjc'. Cover the shelve* of a large 3VC oven with 
aluminum foil to caich drippings from the Subbing solu- 
tion Place the racks in ihc oven 10 dry them completely 
overnight. Also* prcwarm a large glass staining dish thai 
will be used u* contain' 500 ml of subbing solution. 

B. The next morning, prepare ihc subbing Solution just 
prior to u*? us follow*. Add 3 g of gelatin to 500 ml or 
Uriornr-ed water prcwarmed to 50-6o°c while magneti- 
cally stirring on a hot plate. Do not overheat the solution* 
its this will denature the protein. Cool the «raw colored 
^i>lunqn io "45°C. and, add 0-3 g of chromium potassium 
sulfate. The solution should ihcn acquire a greenish tinge. 
Tn remove bubbles and particulate mauer, filter the solu- 
tion into the prewarmed staining dish inside the oven. Use 
.i H cm diameter Whatman No. t filter or equivalent and a 
wide- hone funnel to criKurp rapid flow, Leave ihc dish in 
the oven miring the dipping process in order to keep the 
solution warm. Remove: bubble* on top of the solution by 
luuchmg ihcm wUh a Kimwipe*. 

D. Using a wire handle, immerse each slide rack in 
subbing solution for 3 min. Be careful not to allow bubble* 
in auach, lo the surface of the slides. To prevent this, 
immerse the rack slowly nt a downward angle so that the 
fViiMud ends' enter the solution last. Remove them in the 
revoke orientation, 'allowing 10 s for the solution to run 
toward the frosted end and begin to drip from the bottom 
of the rack before laying the rack on the foil. Thus, any 
excexk solution "ill U; accumulated over the Jtosled end of 
the slide, 

H. Drain and separate the slides so that they do not stick 
in each other as they dry. To separate them, run an index 
ringer or back end of 0 forceps across the top edges of die 
slides in the rack several times. This will also ensure 
proper draining of I he excess solution omo the aluminum 
foil Dry the slides overnight in a 37°C oven, and store 
them in boxes at 4*C away from duxL 



M7 

7. Qmck procedure 

A, Cut 40 ^.m thick vibratome sections of selected 
brain regions, and float them in Tris-buffered saline (TBS). 

B, Inactivate endogenous peroxidase activity in the 
tissues with methanol/hydrogen peroxide. 

C-R Wash sections in TBS, Microwave irradiate free- 
floating sections in citrate buffer for 5 min at 95*C. Cool 
to room temperature. 

G-L Wash in TBS, equilibrate with antibody diluting 
buffer (DB), and block non-specific protein binding Kites 
with 20% normal goat serum in TBS for I h. 

J» Incubate sections in working dilutions of primary 
antibodies in DB ovamighi at 4°C. 

2C Wash in DB, and incubate in secondary antibodies 
for 1 b at room temperature. 

L. Wash tn I>B and apply avidin-biorin-peroxidase 
complex prepared in TBS for 1 b. 

M, Wash in TBS and develop with diaminobenzirJine 
(DAB) using the DAB Substrate Kit for Peroxidase. Trans- 
fer sections to deiooized water to stop DAB reaction. 

N. If only a ringlfe label is required, skip to siep O. If a 
double label hi needed wash sections in TBS and treat 
them with 50 mM Tris. pH 7.6. containing 10% dimethyl- 
formamide for 30 min. Then repeat steps l-M. using a VIP 
or SG Substrate Kk for Peroxidase as the chromogen for 
the second primary antibody. 

O. Pick up sections on gelatin-subbed glass illdes, and 
air-dry, 

P. Identify and label the sections. Counterstain for Nissl 
substance or amyloid as needed. 
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Abstract 

Formalin fixation, the chemical process in which formaldehyde binds to cells and tissues, is 
widely used to preserve human brain specimens from autolytic decomposition [1Q, 16, 25, 
41], Ultrastructure of cellular and mitochondrial membranes is markedly altered by 
vesiculation [16], but this does not interfere with diagnostic evaluation of neurohistology by 
light microscopy. Serious difficulties are encountered, however, when immunocytochemical 
staining is attempted. Antigens that are immunoreactive in unfixed frozen sections and 
protein extracts appear to be concealed or destroyed in formalin-fixed tissues. 

In dilute aqueous solution, formaldehyde is in equilibrium with methylene glycol and its 
polymeric hydrates, the balance by far in favor of methylene glycol [16, 41]. Carbonylic 
formaldehyde is a reactive electrophilic species well known for crosslinking functional 
groups in tissue proteins, nucleic acids, and polysaccharides 12, 12, !£. 2Q» 22, 27]* 
Some of its methylene crosslinks are readily hydrolyzed. Others are stable and irreversible. 
During immuno staining reactions, intra- and inter-molecular links between macromolecules 
limit antibody permeation of tissue sections [1.6], alter protein secondary structure [2fi, 34]. 
and reduce accessibility of antigenic determinants [1Q]. Accordingly, immunoreactivity is 
diminished for many antigens. Tissues are rapidly penetrated by methylene glycol, but 
formaldehyde binding to cellular constituents is relatively slow, increasing progressively 
until equilibrium is reached [16, 24], In addition, prolonged storage in formalin may result in 
acidification of human brain specimens [42]. Low pH favors dissociation of methylene 
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glycol into formaldehyde [16], further reducing both classical staining and antigen 
detectability [14, 42]. 

Various procedures have been devised to counter the antigen masking effects of 
formaldehyde. Examples include pretreatment of tissue sections with proteases [2, 2, 23], 
formic acid [2, 28]. or ultrasound [43]. Recently, heating of mounted sections in ionic salt 
solution by microwave energy was found to restore many antigens [6, 32, 44, 45, 4& 42, 48, 
54, 55, 56]. Theory and practice of microwave antigen retrieval are covered extensively in 
the handbook Microwave Cookbook for Microscopists [29]. A concise overview of 
microwave methods in the neurosciences has been published [33], and clinical applications 
have been reviewed [30]. In this context, it should be noted that fresh tissues may be 
stabilized for immunocytochemistry by reversible, non-chemical binding processes such as 
cryosectioning after microwave treatment [32] and freeze-drying [SZ]~ Thus, it maybe 
possible to enhance immunostaining for some antigens by microwave irradiation of unfixed 
as well as fixed specimens. 

Parameters to be optimized for microwave retrieval of specific antigens include temperature, 
irradiation time, tissue buffer composition, salt concentration, and pH [12, 42, 33]. 
Temperature, irradiation time, and pH are key variables [J 2, 11]. With this in mind, an 
optimal method was developed for retrieval of a wide variety of antigens in human brain 
tissues [14]. Typical microwave protocols employ elevated temperatures that may reach 100° 
C, where denaturation causes irreversible uncoiling and disruption of protein secondary and 
tertiary structures [11]. Under these conditions, stable covalent bonds securing methylene 
crosslinks between polypeptides remain intact [2p], but more reactive links formed by Schiff 
bases may be hydrolyzed [45]. Resultant conformationa] changes presumably expose buried • 
loops of continuous amino acids and protruding regions [1], increasing accessibility of their 
epitopes [31]. 

Protein denaturation seems to be a reasonable explanation for the effects of microwaves on 
antigen retrieval. This idea is supported by the observation that denaturing solutions such as 
6 M urea increase immunoreactivity of some antigens [8]. Still, the molecular basis of these 
effects remains unresolved, in part due to the complex chemistry of fonnaldehyde reactions 
with tissue constituents [41J. Indeed, some methylene bridges between similar groups such as 
NH2 and NH may be hydrolyzed by washing fixed tissues in distilled water at ambient 

temperature for several weeks [24, 41], Moreover, denaturation by conventional heating 
enhances antigenicity as well as classical neuroanatomical staining of foimaliu-fixed tissue 
[1 5, 39, 40, 49J. When such externally heated specimens are immunostained and viewed by 
light microscopy, the results are almost indistinguishable from those obtained by microwave 
irradiation [58]. Nevertheless, the current widespread use of microwave methods in clinical 
and basic science laboratories likely results from the speed, convenience, and reproducibility 
of the results. 

Loss of immunoreactivity for many antigens likewise may occur when tissues are dehydrated 
in alcohol before they are embedded in paraffin. Exposure to alcohol causes antigenic 
denaturation, but clearing in xylene and heating in liquid paraffin do not [52], While there are 
numerous reports of microwave procedures for formalin-fixed, paraffin-embedded tissues [6, 
8, 9, 35, 36, 38, 44, 45, 48, 57, 60] 3 alternative methods that would further extend the range 
of retrievable epitopes have received less attention. One simple approach may be to irradiate 
free-floating sections with microwaves. A previous study found that heating vibratome 
sections in solution with microwaves resulted in severe wrinkling of the tissues. This 
problem was avoided by irradiation of tissue slices in buffer prior to sectioning [13] . Another 
strategy is presented here for neuropatho logical studies of human brain [50], Vibratome 
sections in isotonic, mildly acidic citrate buffer [6, 55] are heated to the boiling point with 
microwaves. After brief denaturation at 100°C, the sections are simmered for 5 min. To 
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remove wrinkles, sections are incubated subsequently in Tris-buffered saline containing 
serum proteins and non-tonic detergent. The method also is suitable for single- and double- 
labeling studies of neural antigens in formalin-fixed tissues from experimental animals. 

Author Keywords: Immunocytochemistry; Microwave antigen retrieval; Neuropathology; 
Tau protein kinase I/glycogen synthase kinase-30 
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